We report 5-ps pulses at 160 W average power and 910 MHz repetition rate from a passively mode-locked VECSEL source seeding an Yb-doped fibre power amplifier. The amplified pulses were compressed to 291 fs duration.
The VECSEL-fiber MOPA is shown schematically in Fig. 1 , with the cavity of the VECSEL inset. The VECSEL gain structure includes 6 InGaAs/GaAs quantum wells grown above a 27.5-pair AlAs/Al 0.84 Ga 0.16 As mirror; the structure design is similar to that described in [5] . The VECSEL is mode-locked by the semiconductor saturable absorber mirror (SESAM) structure described in [6] , incorporating a single InGaAs/GaAs quantum well grown by low temperature MBE to give a modulation depth of ~1%; the bleaching response is bitemporal, with a 130 fs fast component and a 4 ps recovery time. The laser was thermally tuned to a centre wavelength of 1054.6 nm at which it emitted 4-ps pulses with a repetition frequency of 910 MHz and an average power of 8 mW. The output power level and clean pulse spectrum compare favourably with the gain-switched diode previously reported. The VECSEL output was launched into a 6-m-long single-mode cladding-pumped Yb-doped fibre pre-amplifier. The 1-W output from the preamplifier traversed a free-space isolator before launch into the final power amplifier stage composed of a 12-m-long Yb-doped double-clad fiber, core radius 25 µm, cladding radius 400 µm and NA < 0.05. This was cladding pumped at 975 nm by a diode stack providing up to 260 W of launched pump power, corresponding to an output power of 184 W and slope efficiency of ~77%. Although in theory the fiber could support two modes, the output beam quality factor (M 2 ) was 1.1, indicating that the fiber output was single mode. is apparent. At the highest power of 160 W, the peak of the pulse spectrum is about 20dB above the ASE. Further gain in power saw the onset of pulse degradation and was associated with the rising ASE peak at 1040nm. It was estimated by integrating this spectrum that the output pulse train accounted for about 95% of the output power, corresponding to a pulse energy of 138 nJ and a peak power of 28 kW. A fraction of the energy of the output beam was coupled into a free-space bulk grating compressor, adjusted to minimise the width of the intensity autocorrelation of the compressed pulses. The narrowest autocorrelation at 160 W is shown in Fig. 4 , corresponding to pulses of 291-fs FWHM duration above a small pedestal.
In conclusion, we have shown that the mode-locked VECSEL shares many advantages of the gain-switched diode as a seed for a cladding-pumped fiber MOPA, including high repetition rate and spectral flexibility; but additionally offers shorter pulses and higher output power, allowing higher peak power to be reached with only one stage of preamplification. The VECSEL we describe here is by no means optimised for this application: mode-locked VECSELs have been operated at average power of >2 W [7] , showing that it should in principle be possible to dispense with pre-amplification in such a system. A SESAM operating in the optical Stark effect regime has been used to generate transform-limited pulses as short as 486 fs from a VECSEL [8] , suggesting that in future this type of seed laser might be used to access the parabolic regime of amplification even at pulse repetition frequencies of many GHz. 
